Green fluorescent protein (GFP) has been used as a reporter molecule for gene expression because it emits green fluorescence after blue-light excitation.
1,2 Inclusion of this gene in a vector can allow rapid selection of successfully transduced cells. [3] [4] [5] Production of lentiviral vectors involves cotransfection of vector and helper plasmids into 293T cells. After 48 h, vector particles are harvested from the supernatant and applied to target cells, which are then analysed for gene expression. 6 While green fluorescence in the target cells could represent integration of the GFP gene into the target cell genome with subsequent gene expression, passive transfer of GFP from the 293T cell supernatant could also be contributing. This study examined the time course of GFP expression following transduction of hepatocytes in vitro with a GFP-expressing lentiviral vector. Comparisons were made with the time course of GFP expression using a particle that did not contain a GFP gene.
Lentiviral vector particles were prepared by cotransfecting 293T cells with a vector plasmid and helper plasmids using the calcium phosphate method. 7 Two different vector plasmids were used. The first contained an HIV packaging signal, C, enabling its RNA to be packaged into viral particles. The second plasmid did not contain a C element, therefore its RNA should not be packaged and transferred to target cells (Figure 1 ). Helper plasmids used were pCMVD8.92, pRSV-Rev and pCMV-G ( Figure 2 ). Viral particles were harvested from the supernatant by ultracentrifugation as described previously, 6 and applied to HepG2 cells in vitro. Transduced cells were assessed for GFP by fluorescence microscopy and fluorescence-activated cell sorting (FACS). Figure 3 demonstrates the FACS analysis of cells 3 days following transduction. Figure 3a illustrates the cells transduced with the vector plasmid containing the HIV-1 packaging signal. High levels of GFP expression were seen with over 75% of cells being GFP positive. Figure 3b illustrates the cells transduced with particles prepared using the plasmid without the HIV packaging signal. It can be seen that high levels of GFP expression were also seen in these cells, even though a functional GFP gene should not have been transmitted to the target cells. Figure 3c illustrates cells that were transduced with vectors without a viral envelope and demonstrate that a functional viral envelope is required for entry into the target cells and gene expression.
To characterize the nature of the GFP expression seen, a longer time-course experiment was conducted. Cells were transduced at day 0 and analysed for GFP expression at various time points. Figure 4 demonstrates that the GFP expression using the particles prepared with pCMV-GFP had completely disappeared by day 7, suggesting that this did not reflect true transduction of target cells. This 'pseudotransduction' probably reflected transfer of protein passively within the viral particles. This protein had degraded by day 7 and, as no GFP gene had been transferred, no new protein could be synthesized. Following transduction with the true vector containing the HIV packaging signal, GFP expression persisted suggesting that true transduction had occurred. Expression did diminish slightly over the first 7 days, suggesting that pseudotransduction could also have been contributing to the high levels of GFP expression seen at day 3.
These results suggest that GFP expression in target cells at an early time point does not necessarily signify successful transduction. In the formation of a lentiviral vector particle, it is likely that some protein is passively incorporated into the viral particle and transferred to the target cell. The half-life of unmodified GFP is approximately 26 h; 8 thus, it takes several days for the passively transferred protein to degrade leading to an overestimation of transduction achieved at early time points. In gene therapy applications using GFP as an expression marker, it is therefore essential to include appropriate controls and analyse over at least a 7-day period to ensure that the green fluorescence seen reflects true transgene expression. GFP as a reporter molecule for gene expression KL Nash and AML Lever
